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@ A 2|im ptasrnid vector tor transforming yeast, especially 
brewing yeast, comprises a DMA sequence allowing propaga- 
tion of the ptasrnid In bacteria, two copies of the 74 base pair 
FU> nscctfnoewtson site of the 2jim ptasrnid in direct orientation 
• sequence coding for a protein or peptide of interest. 
The plasrnid is so constructed that in yeast the bacterial DNA 
sequence is spontaneously lost. 
A 'gene of interest" is preferably inserted at the SnaBI site. 



4-' 



3 




ill 



Bundndrucfc*** Berlin 



15 



30 



25 



30 



40 



45 



SO 



55 



60 



0286424 

Description 

YEAST VECTOR 



«*-TS«S«3«^^ 1978) - M ° re reCSn,,y the t^^rmation of intaciyeast ceUs has 

70 ^^^^^J^J^^^^ 5 ^ P ,aam ^ ^ed for this purpose are usually constructed 
ISTbTsSSTST 5£f ST ElESW? m , 8i ! her Escherichia £2» « *east <H*nnen et al. 1978; Beggs. 

Plasmid vectors common^ in vector DNA in E.coll, and thus the efficient transformation of yeast. 

wecto«^n«H^ * for yeast transformation can be divided into two types (i) replication 

Z^^SX^SZ^J^ th ? ir ° Wn independence chrorSoslZ 

which re^^re^WnafioJ Z LrlT 0 ^, EH" ° f ° NA re P ,ica,ion a " d <«> integrating vectors. 
mainteni!^tne^^^^ '° ,aCili,a,e re P H <*tion ™<* thus the continued 

^n^^^^J^^ ^ ^ S< Ce 4 "^ Re P ,ica,in 9 vectors can be further sub-divided into: (a) 
rEs^MnXTto «he ong.n of DNA replication is derived from the endogenous 2^m 

^^^X^^^T^^r (A , RS) " WWCh the ' apparent * ori9in ^Replication is 
one of the atZi rJlT (C) cen,romer,c plasmids (CEN) which carry in addition to 

centromere repl.cat.on a sequence of yeast chromosomal DNA know?, to harbour a 

sJtL^tolE^lZJ'T* f 0 *"* 1 * an V of the aforementioned vectors it is necessary to impose a 
S^IiSE!^ "S? ^ thB recombina "» DNA. This is achieved b7*£>S£2£ 

Jea? ^^c^te^eneTs^ the C8Se °' VeCt ° rS used to transform •*>°' a «°'? 

Saw 

rtS^SSr? LJ32T? . frequently Polyploid and do not display auxotrophic ^£££7 

^^XnW^foS^^^ ? d0minan, Se,8Ctable 96ne this W« ~P*T«5 

forexamote S57!i22£I/2 1^ n de 1 sc . nbed ^ing genes which mediate resistance to. (i) antibiotics 
CoSTefaf is« rS££3" J.Ti,o^ bS,ereiaJ ' 1983,1 'W"**' B (Gritzet al.. 1983). chloramphenico 
su^tSo^'mlm^ '^»i?n ^ Jr^ff K and (H) °i he ^ sa toxic materials.-for example the herbicide 
TheTJ^r^ Xm^nf S^k ' ^P 80 *'" < Rine S! al 1983) and copper (Henderson et al.. 1985, 
to fSS^n J^" ? * r ^ COmbmant 0 enes ,n veast is dependent upon the type of yeast vector Smployed 

^SSSXSSS^S^SJZ °' *• *~ °' V6C,0r svs,e ™ earlier ««S 

Se^rT?BS?tSrt i^^c T^' 0 * ?' in « e 9 rative ve ast transformation have been described in the 

1 S> 1982: VWnrt <« et aj.. 1983; Orr-Weaver et al.. 1983; Rothstein 1983) In general 

IX^SES ine,ficient: c,osed circu,ar in,i " ara,ina p,asmids ^ K *EE 

SJrSS? St !^ " 1 ° transforman, s per ug of DNA (Hinnen et al.. 1979; Hicks et al 1979) However 
^^•^ freaends ,oca ted in DNA sequences homologous with yeast chromosomaTDNA triSSms 

( T 1 ?°P f ° ld) and ,hS "forming °NA is general found intent ™n 
.°° 1 . S ' ,e ° f c,eava 9 e (Orr-Weaver et al.. 1981 ) Thus by cleaving the vector DNA with 
«E5!£^ * i t POSSib,e to "ncr^C Ih. efficiency of transformation and targe, nL 

v^sf trotSTr^S, « ,n,e9 : a,,ve transformation is applicable to the genetic modification of bTewing 
mt^f^^ 9 .i^ me emciancv of transformation is sufficiently high and the target DNA sequence for 

SSSSZ ^ d068 n0t diSrUpt 96neS 6Ssential to ,he metabolism of the host ST An 

integrating yeast vector has recently been described for brewing yeast (Yocum 1985) 

? In tegrat.ng vectors, which show a high degree of inheritable stability in the absence of selection 
££3! ^ ° rS ,6 1? ! *°JL e ?° re UnS,ab,e The deflree of inn eritable stability is dependent upon the type of 

hSS SrSTIil ^ t RS K P l SmidS . WhiCh h8Ve 8 hi9h COpy number I*"**! 2°-«> P^e.., 
J*"? - ,end *° be * he ., mOSt unstab,e - and ,ost at a 'requency greater than 1(W* per generation 
i«n.™ Hc rever. the stability of ARS plasmids can be enhanced by ther attachment of Vcentromere 
»n»r«J^! a ?^^ m Present at 1 or 2 copies per cell (Clarke &; Carbon. 1980) and are lost at onty 

%nrZ7£?X Tr.W 1 (Walmsley et a|.. 1983). Chimaeric 2»»m based plasmids show varying 
th?pte!mld dependent upon ,he host strai n and the 2 M m DNA sequences present on 

igJ?S!l P ! aS ? i< !^ n ? V, I? <0 be " UClear in cel,u,ar ,oca,ion < Ne,son * = hangman. 1979; Livingston & ; Hahne. 
n iSJSS'^M^ 1980;Taketoetaj.. 1980: Sigurdson et al.. 1981). but is inherited in a non-Mendelian fashion 
1 ^>V™' „ 1977 '- 06,18 ^thout the 2um plasmid (cir°) have been shown to arise from haploid yeast 
S^S! ^£ nT2? a " aVera .? e copv number of 50 c °P'es <*» the 2um plasmid per cell at a rate of between 
? 061,8 P 6 ' Seneration (Futcher & ; Cox. 1983). A possible explanation for this low level 

™£~T?°. ,ns,ab,,it y ,s that the plasmid provides no obvious advantage to the cell under normal growth 
condrtwns (Broach. 1981); Futcher 4; Cox. 1983; Sigurdson et al.. 1981). although small effects on growth 
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20 



25 



lml^TJ^!T^ ,0f 5 °. me s,rains ^ouri^g the 2um plasmid (Walmsley et al 1983) Analysis of 
TiSZf^iZkttr^ •"*• ,he P tesmid P^sent in most str^df ^a2SS!«2 

a^B^Tml? iL^S? bre f. n9 .r eaS, (Tubb - 1980: Ai 9 ,e «' • 1984: Hinchliffe &; Daubney 1986) It «£j 

of a circular ONA motecnln «f «oio h ne „ ^ITlT L. . * ' Broacn - 1 98 7 > In essence the plasmid consists 
c^iTcrfDNA^S^ ^it£lt^™JI??? * : Done,son - 1980 > « "amours a unique bidirectional 
P^id c^Jns Sr^nes^PT Splf i^ 0 " "•*»•"«•' com P°"ent of all 2um based vectors. The 
Sh^S^^Sn^^S SSi^K % ?" ch 8re required for tne s,ab,e maintenance of 

SaSgous to a oteSlSiiX^iS^S S ^ e K;S 0 i^?l P,aSmid ' ^ iS P heno »y^ 
plasmid is the presence of two inuTrtlw Z - -> ' K '*uchi. 1 9*3> An important feature of the 2um 

a unique Xbal site and recognises and is cut at its margins by the product of the FLPoene The adiaclnt 
°i *? UrSe homo,oaous * *"« corresponding sequences of the oX^er ,n V ^t^lZencl 

rs^irssss^ ,o,,owin9 ,he 881(1 cutting Andrews ^ -j^&^s^ 

a^D^pair sequence including the 8 b.p. spacer region is the minimum requirement for FLP site specific x 

r^SSc^s^NA^u^^^n re P ,icati0 " s y s J em of the 2"m plasmid have been constructed by inserting 
h°l £2ZT*1 2 in ; e 9'ons of the 2,im plamid not essential to its replication (Beggs 1981) This 
tJfl ^° baS<C J*** 8 °' V6C,0r: (i) Wn0,e 2 ^ m vectors and <»> 2»xm origin vectors. In tne case of the 
Rectors harbour the whole 2um plasmid into which various heterologous sequences^" been 

^^J^S^S^h^^ 1 ^^ m C8pab,e ° f ™ in,ai ™° thems^es a1? a gSco P ; 
ST^^*JW < dW ! inhentab,e stabi,it y in both cir* (2um containing) and elf <2um deficient) hosts 

ZZ?Z>2£l£^Z lim l 0rt ? m VeCt0 / S USUa,ly COnta ' n a minima ' DNA sequence harbouring^ 2^m or.g?n of 
^2S£ ^l! 8 ? 9 ' 6 ° OPy 1 th6 5 " baSe ' pair repeat °* 2um: such vec,ors <»" be maintained* 
STm i^fi ' TOe th , ey re ^ U,re ,he pro,eins encoded by the REP1 and REP2 genes to be supplied in trans 

fromthe endogenous plasmid to ensure their 'stable' maintenlncl 

w»n a genetically modified yeast which is capable of expressing a heterologous gene to produce hiah 
S^iTS?? is instructed, i, is Usually desSb.e 

EZSEJTfl J?' ^ baSed V ° C,0rS have proved verv successful for use as expression plasmids and 
therefore frequently constitute the vector of choice (Kingsman et al 1985) 

Ltd") ^^^I^^T 8 ? J03039 1 (Publication No. 0201239 A1 in the name of Delta Biotechnology 
LSJLTC^ . de 1 8Cnbed . for the Production of heterologous proteins in brewing yeast, in which an 
etTkS^Lr ^ m0di,ied <0 66 "P* ° f expressing a heterologous gene such that no 
h2^1«^ °l T! h ! ter ° JO ?° US 9ene ,akes P ,ace durin 9 the primary beer fermentation, but rather yeast 
ZZ^ZZtTZ?*^ ^synthesis of heterologous protein is induced after the yeast has been 
to^l^S^nJ^** 8C A?o ed bv ' rans,ormin 9 brewing yeast with a 2 M m based plasmid harbouring 
afoumT EE. tfi^^L a f ld 8 9ene encodin 9 a modified """an serum protein. N-methionyl 

m^^^^^^ ^!*^^? VuMm6 at thS trans cnptional level by a galactose inducible 
^J™? h ?. ° ma * lmi8e ,ne yeW °* heterologous protein synthesis during the operation of the said 

10 e ? 1 U K e: ( 'Lf hi9H C ° Py number °* ,he 9 ene to be expressed (encoding for 
!J«JKv«i 5£^L de 9 ree , of 'nhentable stability of the gene of interest under conditions of non-selective 
uW«J L«S » eCO T^i n T t 9en ! S trans,orm ed into brewing yeast must not have a deleterious effect 
r^rnSLm^lrT. ? f ° beer subsequently heterologous protein; and (iv) that the 

adSnt^Lf™?,^ ye ffi shotJd ' 80 ,ai - as P°s»'ble. be restricted to the gene of interest' and 
^E! 8 !? 0 V ° ene l 11,6 requirement (") is Particularty Important because it is both impractical 
t^^STfJl^ 8UPP ^ ment , ,he n ? rmaJ flrowtn medium of brewers' yeast, namely hopped malt extract, with 
™ C ° PP ! r ,0nS 8,nce ,his wl11 lncrease Process costs and have a deleterious and probably 

unacc^lei^^upon the quality of the beer, which is the primary product of the fermentation. In 
cojwecoon with requirement (iv). it is desirable that the genetically modified yeast should not possess 
extraneous ONA sequences such as those which are derived from the bacterial portion of the recombinant 
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Figure 10 Is an autoradiograph of total yeast ONA probed with 32 P labelled pSAC3 DNA. 
The following Examples illustrate the invention. 

EXAMPLE I 

5 

Construction of Plasmids 

PtasmkJ pSAC1 12 (Figure 2) was constructed by digesting plasmid pBA1 12 (Figure 1 , Andrews, et al.. 1985) 
with the restriction endonucleases BamHI and Hindlll simultaneously. Linear plasmid DNA was treated with 
DNA polymerase I (Klenow) in the presence of 0 3mM dNTP s (dATP. dTTP, dCTP and dGTP) for 10 minutes at 
w 37° C. DNA was extracted with phenol xhloroform, ethanol-precipitated and incubated overnight at 15°C in the 
presence of T4 DNA Hgase. Ugated DNA was transformed into E.coli strain MC1061 (Casadaban and Cohen, 
1980); plasmid pSAC112 was isolated from the resultant transformants following identification and 
characterisation by the method of Birnboim and Doty (1980). 

PtasmkJ pSAC3 (Figure 3) was constructed by the following procedure. Yeast 2jim plasmid DNA was 
15 isolated from strain DRI9 as described by Guerineau, et a}., (1974). Purified 2\in\ plasmid DNA was partially 
digested with the restriction endonuclease Xba l as described by Maniatis et al.. (1982). and ligated with Xba l 
cleaved pSAC112. Ligated DNA was transformed into E.coll strain AG1 (obtained from NBL Enzymes Ltd., 
Cramlington, England.). The resultant ampicillin-resistant transformants were screened for homology to 2jim 
plasmid DNA following colony hybridization (Grunstein and Hogness, 1975) to 32 P labelled 2.2 kilo base-pair 

20 EcoRI fragment from plasmid pYF92 (Storms, R.K. et aj., 1979). Colonies showing homology with the 2um 
specific DNA probe were isolated and their plasmid DNA characterized by restriction endonuclease mapping 
procedures. Plasmid pSAC3 was thus obtained. 

Plasmids pSAC3U1 (Figure 4) and pSAC3U2 (Figure 5) were constructed by cleaving plasmid pSAC3 with 
the restriction endonuclease Pstl. Linear DNA was rendered flush-ended by treatment with T4 DNA 

25 polymerase in the presence of 0.3mM dNTP's (dATP. dTTP, dCTP and dGTP) for 10 minutes at 37° C. DNA was 
extracted with phenol: chloroform and ethanol-precipitated prior to ligation. Plasmid pJDB110 (Beggs, 1981) 
was digested with the restriction endonuclease Hindlll and the DNA fragments were subjected to agarose gel 
electrophoresis on a 1% gel. A 1.1 kilo-base-pair DNA fragment, harbouring the URA 3 gene of yeast, was 
isolated from the gel (M aniat is, et al., 1982) and treated with DNA polymerase I (Klenow) in the presence of 

30 0.3mM dNTP s (dATP. dTTP. dCTP and dGTP). The 1.1 kilo-base-pair Hind lll fragment was extracted with 
phenol : chloroform, ethanol-precipitated and blunt-end ligated with linear pSAC3 DNA prepared as described 
above. Ligated DNA was transformed into E.coli strain AG1. The resultant ampicillin resistant transformants 
were screened for homology with the URA 3 gene following colony hybridization (Grunstein and Hogness, 
1975) to a 32 P labelled 1.1 kilo-base-pair Hindlll fragment purified from plasmid pJDB110. Plasmids pSAC3U1 

35 (Figure 4) and pSAC3U2 (Figure 5) were isolated from the colonies which showed homology to the URA 3 gene 
probe. The 1.1 kilo-base-pair Hindlll DNA fragment carrying the URA 3 gene was also blunt-end ligated into the 
unique Eag l and Sna BI sites of pSAC3 to give plasmids designated pSAC300 (Figure 6) and pSAC310 (Figure 
7) respectively. 

Plasmid pSAC3C1 (Figure 8) was constructed by blunt end ligating a 694 base-pair Xba l- Kpn l DNA 
40 fragment, carrying the CUP I gene from plasmid pET13:1 (Henderson et al., 1985) into the unique Pstl site of 
pSAC3. 

Transformation of Yeast with Plasmids pSAC3U1 and pSAC3U2 

The disintegration vectors pSAC3U1 (Figure 4) and pSAC3U2 (Figure 5) were constructed so that they each 

45 contain the selectable yeast gene, URA3, inserted at the unique Pstl site of 2\xm B form. In addition, each 
plasmid harbours DNA sequences derived from the bacterial plasmid pUC9 flanked to two copies of the FLP 
recombination site located in direct orientation. The position of the pUC9 DNA is such that FLP mediated 
recombination between these two directly orientated FLP recombination sites resulted in the excision of the 
bacterial plasmid DNA upon transformation of yeast. Cir* and cir° derivatives of the haploid yeast strain 

SO S150-2B (Cashmore, et a}., 1986) were transformed to uracil prototrophy with plasmids pSAC3U1 and 
pSAC3U2, according to the method of Ito (1983). URA+ transformar.»s were screened for the co-inheritance of 
the bacterial bta gene, which encodes the fMactam specific enzyme ^-lactamase in yeast, by the method of 
Chevalier and Aigle (1979). The results presented in Figure 9 show that both plasmids segregate the bla gene 
from the URA+ gene in all transformants of the cir° strain, indicating deletion of the bacterial DNA sequences 

55 from the plasmids upon yeast transformation. However, the majority of URA 4 trans-formants of the cir* strain 
were observed to co-inherit tne bta gene (15 out of 20 and 18 out of 20 for pSAC3U1 and pSAC3U2, 
respectively). These data suggest that the efficiency of plasmid disintegration, i.e. FLP mediated excision of 
the bacterial plasmid DNA sequences, is greater upon transformation of a cir° strain than a cir*. 

SO Molecular Analysis of Transformants 

In order to determine whether the URA* transformants which had segregated the bla gene (i.e. 0-lactamase 
negative clones, bla ) had indeed tost the bla gene and adjacent bacterial plasmid DNA sequences, yeast DNA 
was analysed. Two URA* bla" transformants of the cir 4 and cir° strains transformed with pSAC3Lh and 
pSAC3U2 were grown on selective minimal medium lacking uracil and total DNA was extracted by the following 

65 procedure. Actively growing cells were harvested and resuspended in 5ml 1M sorbitol, 0.025M 
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7a3£^"i£ZS^ s r U8nCe ,0f ye8St -nsformation; the said 

restrtcttorTS^, T *" 6Xtra FLP combination site being created at a 

recoo^tSTart. Z^l ^b^ZuS ^^1^ °' lhe ^ p,asmid ' th « said •»*. FLP 
one rape., aeo^eriTiKl STbSS Ssrni,? 55? S^n^^" ° US FLP "combination site of the said 
recornbtotioTsrte and the wtfonmou FLP^™t! ^ C f be J" 9 Mndwi ched between the extra FLP 

Tnep*3*n^dteint.t^^^ »»••« °"e repeat sequence, 

more bacterial ptasmMDNA seaTwnces anH »n f !! com P'ete 2um plasmid into which is inserted one or 
from the 2urn ^TaZ^mV^^ 

transformation, e.g. CUP-1. | 9 inserted at a seeonrt L f°" ,inear 8 selectable marker for yeast 
sw^sandyeLtl^^ bacteria. p,asmid DNA 

the whole 2um plasmid The correct oriental 3\H 1?Jtt^ ' n one copv o1 tne inverted repeats of 

«>• plasms^ ss^sa^ss ^b^L^ 8 T , ,s es8entiai to ,ne ,unction * ,he p' asmjd: 

example. E.coB. Is sandwiched between sequence necessary for DNA propagation in. for 

-IKLaWhi^ of the 2 £m ptosmid, which 

more detail betow. This SK^^ in Fi 9 ure 3 described in 

when the plasmid is transformed into yea* I £L^^^ S to . a ~ 9ton rt ^ ^« 
recombination event between the two directly orteme^DNA 7e^-,f tk W ' . by V,rtUS ° f a site ' s P^ 
mediated by the product of the FLP oene of ?»m \^«!f- * ^Peats. This site-specific recombination is 

cells. Because the vectors of the inventton 'IS.?L2«. disintegration vector itself when transforming cir° 

Ptasmids. and ^TSS^^SSS^S ESSSE £ 2? SaT T*\f ? ^ 
InvontJon to be based on a compete 2um otesmM « h^f P £ S " " ,s P referaW e for the vector of the 

-oogenous 2^Z^°T^JnTs SX£ S£7rep^^^ ? CO - eXlSt ^ 

vector, as the products of these genes can be suppTSdlnSan?' aTRrSt f s n.S?«« 0< be P resem °" ,h « 

«>rnplement«y portion from the hlwSL^ recombination site and a 

mSZJUl ^ i 2« the . in Jfl r ! 1 ^ P,asmid at wnicn ,ne '° e ™ of interest" is inserted is chosen with a view to 

SSS^^^i^!^^ both p,asmid copy number and TZSm-ZZT* s 

P^a!S^?J^rlJl^2! 0, .: n,6 ? St at 8 Site tnat does not ,n,erru P' ,h * integrity of the REP1 REP? 
?|P3 | and FLP genes, particularly if the plasmid is intended for use in the transformation of a cir° r^stra^f 

strSnl ^.!!!?!!! CharaCteriS ! IC ° f the dis,nt eg~tion vector is that, when it is introduced into cir yeas. 

JOSZ'J 8h 2 W8 J"* 3 " 1 * PBA112 < Andrew s. et al.. 1985). The thin line represents DNA sequences 
Sn^Si^L ^ bacterial plasmid pUC9: the opin bar represents the 74t££l DNA TZaZen, 

aSSStSSSS^ PBA1 <ha ™ «« - 

pUCT^ocSTb^^.^^ ^ L h ' Ck Hne re P resen,s DNA sequences from the bacteria, plasmid 
Si^ioHfJ^f bars represent the 74 base-pair DNA fragment containing the FLP recombination site 

J^^lSSSSSSlg^ •W*** th * Wingl., .ndicale the orientation oHhe th ee 
internal una repeats in each FLP recombination site ; 

Figure 4 shows plasmid pSAC3U 1 . Designations are as for Figure 3 

Figure 5 is a plasmid map of pSAC3U2. Designations are as for Figure 3 

Figure 6 is a plasmid map of pSAC300. Designations are as for Figure 3 ' 

^ ure I** Ptasmld map of DSAC310. Designations are as for Figure 3 

t . • I* 18 "** "»P of pSAC3C1 . Designations are as for Figure 3 

co^ta^^nt ^ISSSS^S^^^ ° f ^ yea8t S,rainS "* "' US,ra,eS ,hC 
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plasmid. 

in^aqpplk»tk>n published as EP-A-251744 we have described a method for modifying yeast cells by 
^corpc^ttng »ito the endogenous 2um plasmid a DNA sequence coding for a protein or peptide of interest. 
< <nte 9 rBtk>n comprising two copies of a homologous 2u/n plasmid DNA sequence in direct 

fl^T^f". !^2 m f!? S,n0 the DNA sequence of int *rest, transforming yeast with the said integration vector, 
^I^J™^ transformed veast obtained cells containing the endogenous 2um plasmid 

mocftned by irx»rporationof the DNA sequence of interest. The integration vector itself does not survive in the 
tr^ormed yeast ceils. The homologous 2ujn plasmid DNA sequences may be, but usually are not. copies of 
the 2*im plasmid repeat sequence. 
10 We have now found that a modification of the method of the said application make it possible to transform 
yeast cells by incorporation of a modified 2u,m plasmid. 

In the method of the present application, the plasmid vector used comprises a DNA sequence which allows 
JII^K^J? !!** . VeCt0r *" bacteria encompassed between two homologous 2u.m plasmid DNA FLP 
£2^£f^T . 6S ° direct K orientatlon ' * DNA sequence coding for a protein or peptide of interest, which is 
preferably out not necessanly a sequence heterologous to yeast, and preferably also a selectable marker DNA 
sequence. The 2*im plasmid vector of the invention thus comprises three copies of the FLP recombination site 
of which one pair is in direct orientation and the other two pairs are in indirect orientation. When yeast is 
transformed with a plasmid vector having this construction, the DNA sequence which allows propagation of 
the vector in bacteria has ben found to be spontaneously lost and the plasmid vector becomes a modified 2um 
plasmid which is capable of replacing the endogenous 2u.m plasmid in the transformed yeast. Plasmid vectors 
of this type are hereinafter called disintegration vectors. The yeast transformed with such vectors may contain 
multiple extrachromosomal copies of a modified 2u.m plasmid containing a gene of interest but no bacterial 
DNA. which have been found to be stably inherited under conditions of non-selective growth. 

Bruschi (13th International Conference on Yeast Genetics and Molecular Biology. Autumn 1986) disclosed 
that recombination in a 2u,-based plasmid could result in the excision of bacterial DNA sequences, but 
suggested only that the system could be used to study structure-function relationships in the DNA molecule 
We have now found that a similar system can be used to prepare advantageous expression vectors which have 
unexpected stability. 

The term "FLP recombination site" is used herein to mean any site which will allow for recombination as a 
X> result of interaction with the FLP gene product. If Andrews' finding (1985) is correct, then the FLP 
recombination site will generally comprise as a minimum the 74 b.p. sequence indentified by him. In practice 
there is no point in including more than the 599 base pairs of the whole repeat sequence. 

The 2jun based disintegration vector of the present invention has been found to be capable of transforming 
both laboratory and industrial yeast. The disintegration vector is maintained at a high copy number per cell and 
35 has an extremely high degree of inheritable stability. In addition, unlike all other 2um based plasmid vectors 
thus far described, the disintegration vector is constructed so that, upon transformation of yeast, the bacterial 
plasmid DNA sequences are spontaneously deleted. Thus genetically modified strains of brewing yeast can be 
constructed in which the "gene of interest" incorporated in the 2u.m plasmid is stably maintained, even under 
conditions of non-selective growth, at a high copy number per cell, in the absence of extraneous bacterial 
40 plasmid DNA sequences. The use of such a vector in the construction of a genetically modified brewing yeast 
ensures that only the 'gene of interest' is stably maintained for successive generations in brewing yeast, 
thereby circumventing any potential deleterious effects that additional DNA sequences may have upon the 
technological behaviour of the yeast and/or the flavour and quality characteristics of beer produced by the 
yeast. 

45 In practice the 'gene of interest' can be any recombinant gene, either homologous or heterologous to yeast 
The disintegration vector can be used for example to stably integrate the Met-HSA gene in brewing yeast 
expressed from either a constitutive yeast promoter, for example the phosphoglycerate kinase promoter 
(PGK) in accordance with the method described in EP-A-147 198 or a regulated yeast promoter, for example 
the GAL10/CYC1 hybrid promoter as described in EP-A-201 239, or the GAL/PGK promoter as described in 

SO EP-A-258 067. 

Additional genes which may be stably maintained by this system include the DEX1 gene of Saccharomyces 
diastaticus which specifies the production of an extracellular glucoamylase enzyme in brewing yeast, and the 
P-g!ucanase gene of Bacillus subtilis which specifies the production of an endo-1 ,2-1 ,4-0-glucanase in brewing 
yeast (Hinchliffe &; Box. 1985). Such genes can be first genetically modified to control the level of gene 
55 expression and/or to ensure that the protein whose synthesis is mediated by the gene is secreted by the 
brewing yeast. 

The use of the new disintegration vector is particularly advantageous in the process described in 
EP-A-201 239. since, according to this process, the 'gene of interest' is regulated so that it is not expressed 
during the course of the beer fermentation nor under normal conditions of yeast growth, but is rather induced 
60 in a post fermentation process. Consequently high level expression of the 'gene of interest* is divorced in time 
from the synthesis of yeast biomass by cell proliferation, and thus any adverse effects of gene expression 
upon plasmid stability are minimized. 

Preferably the vector of the present invention is a disintegration vector (as hereinbefore defined) comprising 
a complete 2jim plasmid additionally carrying (i) a bacterial plasmid DNA sequence necessary for propagation 
65 of the vector in a bacterial host; an extra 2u,m FLP recombination site; (iii) a DNA sequence coding for a 
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emy^«ir^tetr«cetic acid (EDTA) pHS.O. 8mg/ml dithiothreitol at 28° C for 15 minutes Cells were 
harvested and resuspended in 5ml 1.2M sorbitol. 0.1M sodium citrate 0 01M EDTA nH*a nnocT ^ 

P^C^1^ ^^ 2 ^? in ^t,n^, t ' S f ,a,8d fr ° m S150 " 2B cir s,rains transformed with plasmids 
andB we^fW DNA wts 222^1^^?"^^ ° aCh Strain/ P ,as "^ combination designated A 
K . Wj?S^iS^S3? endonuclease as fo..ows: Xbal. tracks 1-4 and 21-24: 



6, 14, 22 pSAC3Ul c ir« 
8, 16, 24 pSAC3Ul C ir» 

5, 13, 21 pSAC3Ul cir<> 

7, 15, 23 pSAC3Ul C ir° 



A 
B 

A 
B 



2, 10, 18 pSAC3U2 
4, 12, 20 pSAC3U2 cir* B 



cir* \ 



A 



1, 9, 17 pSAC3U2 cir<> 
3, 11, 19 pSAC3U2 cir» b 



rvS^H U i f SIr„ the J tnOWn ™ stric,ion si,es P resent in «^e endogenous 2 M m plasmid of yeast (Hartley and 

to ot^L r^ , ^T^ C ° mb H na t n l P L a i midS PSAC3U1 and P SAC3U2 - can predict the hybridization pattern 
to plasmid pSAC3. The predicted hybridization pattern is presented in Table 1 



to 



Track Plasmid Cir>/cir« Isolate fA/m 15 



30 



35 



,35 



40 



43 



SO 



55 



60 



65 



? 



0 286424 < 



10 



15 



20 



Plasmid DNA 



2um (endogenous) 



Restri ction Endonuolease Fragments 

(kilobase pairs) 

EcoRI xbai p s t l 

4.1 3.2 6.3 

3.9 3.1 

2.4 

2.2 



25 



PSAC3U1 and 
pSAC3U2 (intact) 



5 . 3 
4 . 1 
0.72 



4 
3 

2, 



10 . 2 



30 



35 



PSAC3U1 and 
PSAC3U2 (disinte- 
grated ) 



(5.0) 
4 . 1 
3.3 

(2.4) 



4 
3 



The numbers in parenthesis will arise if the disintegrated plasmids have undergone FLP mediated 
interconversion. 

If one compares the result of the hybridization (Figure 10) with those expected (Table 1 ) it can be seen that 
in each transformant the recombinant plasmid has undergone a deletion consistent with the excision of the 
bacterial plasmid DNA sequences, contained within the directly oriented FLP recombination sites. In addition. 
45 in the case of the transformants designated pSAC3U2/B the endogenous 2um plasmid of strain S150-2B is no 
longer present. This implies that transformation of a cir* strain with plasmid pSAC3U2 results in curing of the 
endogenous 2\im plasmid. 

Additional evidence that plasmids pSAC3U1 and pSAC3U2 undergo an excision of the bacterial ptasm.d 
DNA upon transformation of yeast was obtained by hybridizing the aforementioned DNA preparations to 32 P 
$0 labelled pUC9 DNA (Vteira and Messing. 1982). URA* bla" transformants did not hybridize to this DNA probe 

Plasmids pSAC300. pSAC310 and pSAC3C1 Disintegrate upon Yeast Transformation 

The URA + plasmids pSAC300 and pSAC310 were used to transform the cir and cir° derivatives of S150-2B 
and the URA and bla phenotypes of the resultant transformants were determined. In ail cases the disintegrated 

55 phei otype was observed; thus pSAC300 and pSAC310 are capable of excising the bacterial vector DNA upon 
yeast transformation. In this respect it was observed that plasmid pSAC300 gave rise to a significantly higher 
proportion of bla* transformants of the cir* derivative of S150-2B. The explanation for this is unknown. However 
It is possible that the disruption of the Eagl site by the insertion of the URA3 gene in pSAC300 may have 
interfered with the expression of the adjacent FLP gene, resulting in over expression of the FLP recombinase 

60 Plasmid pSAC3C1 was designed to be used in the transformation of copper sensitive industrial yeast and in 
particular brewing yeast. Thus pSAC3C1 was transformed into a proprietary strain of Bass lager yeast 
designated BB11.0. was described by Hinchliffe and Daubney (1986). Copper resistant transformants were 
then checked for the presence of the bla phenotype by the p-lactamase plate assay. Approximately 18<Vb of the 
transformants tested were bla* copper resistant, indicative of the in vivo disintegration of plasmid pSAC3C1 in 

65 brewing yeast host. 
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could be detected in the bte- derivatives. described previously no homology 

Plasmid St ability of the Disintegrated 1 Transformants 

y~»l non-MectKMy In YTOconuining S^/Tolu^^™ ™ f£ "* S »y growing Ihe 

«- ™. ^ sa-a sr^^^^rsra s 

TABLE 2 

Percent Plasmid Loss per Generation 



w 



15 



Plasmid Derivative Percent piac m ^ t ~ 
1 oen ^ Plasmid Loss per Generation 

(Disintegrated 20 
Vector) S150-2B S150-2B 

cir * ciro 

pSAC3Ul 0.22 0>19 



25 



PSAC3U2 0.31 0.14 30 

PSAC300 2.5 

PSAC310 0 0. 89 



35 



It can be seen from the result presented in Table 2 that all the disintegratedderivatives are unstable in both 
SXiTF C "l <ter T' at,ves ° f S150 - 2B However - the ,ev «' o* instability observed for pSAC3U1 ps!cSu2 and 
PSAC310 .n particular ,s at least one order of magnitude lower than that observed for other UR? 2^ based 
recombinant vectors in S150-2B (Cashmore. et al.. 1986) 4< 
J^SS 10 ~ ,e tnat the insertion of the URA3 gene into the unique Eagl site of the 2um port.on of 
E£If22Sft el ^ , .» Sra, 5 d is considerably less stable thTnthose disintegrantsderived 

from DSAC3U1. pSAC3U2 and pSAC310. It is apparent therefore that the site of insertion of the selectable 

* P ro, °" nd o ,,eCt Up ° n ,he StabHity of the resu,,ant disintegrated derivative. In this respect .« 
12?. ^ X ? Um i Ue Sit8S ° f 2 * im ,orm sui,ab,e ,oci ,or «"« introduction of recc^bTnan « 

genes, since plasmid stability is not adversely affected by such insertions. 

Plasmid St ability of 'Disintegrated' Transformants of Brewing Yeast 

cJ^^I^^^l* AC3C1 transformants of BB11.0 were also analysed for the stability of the 
%ZS!L t, In «, P ^ e . n0t ^A^ m ' d 8,abHity ex P° rimen «s "ere performed as described previously and « 
222i^!!K to ?i'? 1 ^? , ? ,,n,d ' OSS P6r 0 eneration - ^ non-selective growth condition?. ., is 
SIK a tha the d,5inte 9rated derivatives of pSAC3C1 are extremely stable in the brewing 
yeaatstrain BB11.0. possessing a degree of stability hitherto unobserved for a recombinant 2ujn based yeast 

60 

Disintegration Vectors ca n be used to stably Maintain 'Genes of Interest' In Yeast 

P? A ^ l carnes a ""'que P?t« arte and a unique SnaBI site into either of which ONA sequences can be 
Z^tlrif'^i wlth ~ rt adverse| y affecting the phenotype stability of the resultant disintegrated 

^ a f mW ,n y* 881 - The** sttes can be used as loci for the introduction of -genes of interest* for 
example the DEX-1 gene of S dlastatlcus and the human serum albumin gene expressed from a yeast 65 
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15 



20 



ZSSIZ^^ SUCh 9enSS in< ° theSe toC ' with an 

and SaScTSt£ ?2 1 , ™? torma,ion Alternatively, plasmids pSAC3U1 . pSAC3U2 pSAC310 

^^^^2a^^^& S , 0r inSertl ^ ° f a " W»P*«i 'flene of interetf. In this res" ct 
URA^^^^raT^^Sl R^^ * Un : qU ° — ' Si,e ,oca,ed ,n ,ne 3 ' "o^ranslated region of the 
flene (Rose et al. 1984). This Smal site can be used as a locus for the insertion of an appropriate gene of 

^^X^ilnLl^ln^ inSert * 96ne °' interes, • ei,her direc "y <" ■"*»«* dor examp.e 
^P^n^th77Jnt^»7fn «f ?k 8 " f 9 ^ e ° f in,er ° St is inserted into ,he Smal sTte thereof) is 
a^tneTato^oTmeS i 6 the ,OSS of ,he fc * cterial °NA sequences, and forms 

^^rte^n^fsllnZnS «„ ri ™ * faking, one would wish to prevent transcription continuing from 
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relmUr^^ ^Sf^.T^^ ^Lf™* 6 * WhiCn ' before ^combination, have only two FLP 
nT^^^S ^ £^T? tt !? 2 nd ^ ^ ""wanted, for example bacterial, DNA between them 
riLSJ^^ * P " Mmld b * the pair of recombination sites). After 

r^X^J^'^ wtt have on* one recombination site and will therefore not undergo the usual 2um 

mS^S^ ^ H kT ^ tetk T <* A and B forms - Such P'^mids are likely to be less stable than 
those described above, but nevertheless form an aspect of the invention and may be claimed as such 
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1. A , 2nm iptesmid vector comprising a DNA sequence which is intended to be lost by recombination 
recombination sites, of which one pair of sites is in direct orientation and the other two 
pairs are in irKHrect orientation, and a DNA sequence coding for a protein or peptide of interest, the said 30 
sequence to be lost being located between the said sites which are in direct orientation 
^2^Aj2jun piasmtd vector according to Claim 1 which also comprises a selectable marker DNA 

m 3 " t^l^^T^ accordin 9 to c,aim 2 comprising a complete 2ujn plasmid additionally carrying 
UMtw^erWptasmkj DNA sequence necessary for propagation of the vector in a bacterial host; (ii) an 35 
??* ^aH^ "^combination site; (iii) a DNA sequence coding for a protein or peptide of interest and 
(iv) a selectable marker DNA sequence for yeast transformation; the said bacterial plasmid DNA 
sequence being present and the extra FLP recombination site being created at a restriction site in one of 
metwojrtv^ed repeat sequences of the 2>im plasmid. the said extra FLP recombination site being in 
direct orientation in relation to the endogenous FLP recombination site of the said one repeat sequence 40 
and the bacterial plasmid DNA sequence being sandwiched between the extra FLP recombination site 
and the endogenous FLP recombination site of the said one repeat sequence. 

4. A 2nm plasmid vector according to Claim 3 wherein the restriction site is the unique Xbal site. 

5. A 2nm plasmid vector according to Claim 3 or 4 wherein all bacterial plasmid DNATequences are 
sandwiched as said. ^ 

6. A 2nm plasmid vector according to any of Claims 1 to 5 in which the DNA sequence coding for a 
protein or peptide of interest is heterologous to yeast. 

7. A 2 urn plasmid vector according .0 Claim 6 in which the DNA sequence coding for a protein or 
peptide of Merest is a DNA sequence coding for HSA fused at its 5' terminus to a gene promoter which 
functions in yeast via a secretion leader sequence which functions in yeast and at its 3' terminus to a 50 
transcription termination signal which functions in yeast. 

8. A 2|im plasmid vector according to Claim 6 in which the DNA sequence coding for a protein or 
peptide of interest is the MET-HSA gene fused at its 5' terminus to the GAL/CYC1 or GAL/PGK hybrid 
promoter, and at its 3* terminus to a transcription termination signal which functions in yeast. 

9. A 2ujn plasmid vector according to any of Claims 1 to 5 in which the DNA sequence coding for a 55 
protein or peptide of interest is the DEX-1 gene or a DNA sequence coding for the 0-glucanase of Bacillus 
^rc* 3 <u **| I * t rts 5 ' terminus to a gene promoter which functions in yeast via a secretion leader 
sequence which functions in yeast and at its 3' terminus to a transcription termination signal which 
functions in yeast 

10. A 2ujn plasmid vector according to Claim 1 having substantially the configuration of pSAC3 as shown 60 
in Figure 3 of the accompanying drawing 

11- A process for preparing a 2jim plasmid vector according to any one of the preceding claims 
JST^SS?? 0 ins y?? lnto • corn * >tete 2 * tm PtesmJd (I) a DNA sequence for selecting yeast transformants. 
rairJ2l4^? qUaf ^ • ncoding • P r <rt« , n <* peptide of Interest and (iii) an insert comprising (a) bacterial 
plasmid DNA to a»ow propagation of the vector in bacteria and (b) the elements of a FLP recombination 65 
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site such that an extra FLP recombination site is created in the vector and the said bacterial DNA is 
sandwiched between two FLP recombi na tion sites in mutually direct orientation. 

JJj^Aprocess according to Claim 11 wherein the insert is inserted at the unique Xbal site of an 
endogenous FLP recombination site, one end of the insert carries one portion of a 2\irr. repeat sequence 
and the other end of the insert carries the remainder of the 2^m repeat sequence. 

13. A 2|im ptasmid vector comprising a DNA sequence encoding a protein or peptide of interest which is 
heterologous to yeast, the vector comprising no bacterial DNA. 

14. Brewing yeast or laboratory yeast transformed with a 2um plasmid vector as claimed in any of 
Claims 1 to 10 and 13. 

15. A protein or peptide of interest prepared by fermenting a yeast according to Claim M. 

16. A 2*im plasmid vector carrying a gene of interest inserted directly or indirectly at the SnaBI site. 
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Figure 9. Co- Inheritance of URA+ and bla+ 



S150-2B 
cir* cir* 
(pSAC3U2) (pSAC3U2) 



S150-2B 
cir + cir * 

(PSAC3U1 ) (pSAC3U1) 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catetory 



0,A 



Citaboa of d a mme a* witii itttfeaiion, 
»f relevant passages 



where appropriate. 



CURRENT TOPICS IN MICROBIOLOGY AND 
IMMUNOLOGY, vol. 96, 1982, pages 
119-144, Springer Verlag, Berlin, DE; 
CP. HOLLENBERG: "Cloning with 2-mum 
ONA vectors and the expression of 
foreign genes 1n saccharomyces 
cerevlslae" 
* Pages 127-129 * 



EP-A-0 201 239 
LTD) 

* Claims * 



(DELTA BIOTECHNOLOGY 



WO-A-8 703 006 (GENETICS INSTITUTE 
INC.) 

* Claims 27-29; page 13, line 22 - page 
18a, line 31 * 

BIOLOGICAL ABSTRACTS, 1986, page 78, 
abstract no. 33008878; C.V. BRUSCHI: "A 
new system for In-vlvo study of the 
yeast 2mu ONA plasmld", & PLASMID 1987, 
vol. 17, no. 1, page 78 

EP-A-0 147 198 (BASS PUBLIC LTD, CO.) 

* Claims; page 21, line 23 - page 26, 
line 14 * 



The present search report has been drown up for aO claims 



Relevant 
to claim 



1,2,13- 
15 



7,8 



1-3,11, 
14,15 



1-3,11, 
14,15 



Application Number 



EP 88 30 3157 



CLASSIFICATION OF THE 
APPLICATION (Inl. CI. 4) 



C 12 N 15/00 
C 12 N 1/16 
C 12 P 21/02 



TECHNICAL FIFI.DS 
SKARCIILI) IIdi. CI 4 1 



C 12 N 



I 

i 



THE HAGUE 



Date of 



28-06-1988 



HUBER-MACK A. 



CATEGORY OF CITED DOCUMENTS 

X : partftcalarty rdcvaat if takea alone 

Y : partkalarty relevant If combined with another 

docuateat of the same category 
A : tecaaofogfcal bacajroaad 
O : ao a-wi H tca d bel ow 
P : iateraftodiate doc* meat 



T : theory or principle underlying the invention 
E : earlier p*ie*t document, but published on, or 

after the filing date 
D : document died in the application 
L : document cited for other reasons 



nber of the tame patent family, corresponding 



